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Abstract: 
The paper studies the economic convergence of non-oil-producing countries, OECD countries 
and emerging markets countries with latest panel data up to 2009. The study finds that 
conditional convergence exists among 157 non-oil-producing countries, 28 OECD countries 
and 23 emerging markets, and the convergence structure differs between emerging markets and 
the rest of the world. Furthermore, countries that have higher growth rate and hence faster 
convergence generally tend to have higher openness and lower government intervention. The 
study reveals the insight of future global economic landscape with the ongoing convergence. 
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1. INTRODUCTION  
The important trend after World War II is the globalization of world economy. According to 
classical international trade theories including Ricardian comparative advantage and 
Heckscher-Ohlin (HO) model (Leamer, 1995; Krugman & Obstfeld, 2008), globalization 
beneﬁts both developed and developing countries and improves the welfare of all involved 
nations. It also increases the diffusion of advanced technology and boosts global productivity 
and innovation (Levitt, 1999).  
In the process of globalization, we empirically observe the rapid economic recovery of Western 
European countries in 1950s~1970s, and the miraculous emergence of emerging markets 
countries---NIEs in 1970s~1990s. The world economy has changed completely due to 
accelerating globalization after 1985, together with the boom in international trade and 
emerging markets, especially with the emergence of BRIC countries in 1980s~2010s. An 
intriguing question is whether there is natural convergence of the global economy with the 
globalization. It is of particular importance provided the current trend of emergence of BRIC 
countries. Empirical studies with robust econometric methodology and latest data can reveal 
insightful views for the future international economic landscape in the following decades. 
Therefore, the motivation of this paper is two-fold. First, the hypothesis of convergence in the 
samples of non-oil-producing countries, OECD countries and emerging markets with the latest 
1970-2009 data will be tested. Second, the effect of trade openness and government 
intervention on the growth convergence will be investigated. Proper methods of cross-section 
regression and panel data analysis are employed. 
The study contributes to the mainstream economic growth study by systematically analyzing 
the convergence of emerging markets. The result shows that conditional convergence exists 
among all nations, and BRIC countries are converging with the OECD countries in a faster way 
than other non-oil producing countries, assuming the current speed of economic and population 
growth, and current status of openness and government intervention. The result is robust based 
upon analysis of latest cross-sectional and panel data (up to 2009), which reflects the recent 
economic development in the last decade. By comparing the world economy, OECD and 
emerging markets, the study reveals the insight for prediction of future world economic map. 
Moreover, economies with higher openness and lower government intervention generally have 
higher growth rate and hence faster convergence. 
The paper is organized as follows. Section 2 provides the theoretical background of Solow 
Growth Model within neoclassical framework and past empirical studies. Section 3 shows the 
systematic analysis based upon cross-section and panel-data regression. Section 4 concludes. 
2. THEORETICAL BACKGROUND 
2.1 Related Literature 
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Formally, “convergence club” is defined as “the set of countries for whom growth and initial 
level are negatively correlated” (Chatterji, 1992). The absolute convergence in terms of per 
capita income is called “σ-convergence”, or unconditional convergence. The alternative 
concept is “β-convergence” (or conditional convergence) that refers to countries converging to 
their own long-run steady state (Mankiw et al., 1992). There are also barriers between different 
convergence clubs due to saving ratio, population growth, education level and political 
institution etc (Dowrick, 2001). 
There are two mainstream empirical research methodologies: 1) includes explanatory variables 
based on intuition and trial-and-error without theory. Baumol (1986) finds unconditional 
convergence among 17 advanced countries. Yet, Barro (1991) instead finds σ-convergence in 
OECD countries, but β-convergence in a broader sample. 2) is based on neoclassical economic 
theory. The β-convergence implied by the Solow Model is verified by Mankiw (1992, MRW 
henceforth). Islam (1995) also shows similar supporting evidence using panel data. Caselli 
(1996) then finds a higher convergence rate after correcting endogeneity by GMM. These 
studies mainly use 1960-1985 data constructed by Summers (1988). 
Then, we extend the basic model to study the factors of trade openness and government 
intervention by adding new regressors of the ratio of exports plus imports to the real GDP 
(denoted by opi), and government expenditure divided by the real GDP (denoted by govi) 
respectively. 
2.2 Solow Neoclassical Model 
Solow model is the theoretical model that supports the empirical analysis of economic 
convergence. Suppose the Cobb-Douglas production function is 
Y(t)=K(t)α(A(t)L(t))1-α
 
0<α<1, where A(t)= A(0)egt, L(t)=L(0)ent, 
then the steady-state income per effective worker is (Romer 2001) 
           
    
        
  
 
   
      
 
   
           
Approximating around the steady state, the convergence speed is 
                      –        . Hence cross-section regression equation in the MRW 
model is  
                               
         
               
                                        
where τ=t2-t1, β1=(1-e
-λτ)α/(1-α), β2=-(1-e
-λτ)α/(1-α), γ=-(1-e-λτ). It assumes countries are in 
their steady state in the final period. It also assumes all the explanatory variables, such as the 
saving ratio si and the population growth rate ni, vary across countries but are constant over 
time. Nevertheless, capital accumulation rate gi, capital depreciation rate δi are assumed to be 
constant and g+δ=0.05 (Mankiw, 1992). Finally, the common convergence rate is given by 
λ=-ln(1-γ)/τ for all the countries in the sample. 
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Although the MRW model is the benchmark, it is difficult to measure “effective labour”. If we 
assume a constant relation between population and labour force, the steady-state income per 
capita is 
           
    
    
               
 
   
      
 
   
          
Assuming lnAi(0)=constant+vi, then the multiplicative component (vi) included in the initial 
technology Ai(0) reflects not just cross-country technology, but also all the other unobserved 
country-specific characteristics that are constant over time, including resource endowments, 
climate, culture, institutions and so on (Islam, 1995). Thereby, omitting the unobserved effects 
will not only make the estimators imprecise, but may also induce the problem of endogeneity 
and biasness if vi is correlated with other explanatory variables. Due to the comprehensive 
scope of unobserved features, it is difficult to find proper instruments. A better approach is to 
use panel-data analysis to partial out country and year fixed-effects (Islam, 1995; Caselli, 
1996). 
                                                      
where ηt=g(t-e
-λτ(t-τ)), μi=(1-e
-λτ)lnAi(0).  
3. EMPIRICAL STUDIES 
3.1. Data and Samples 
The cross-country yearly data used are published by Penn World Table1, which includes 190 
countries and regions with multiple periods from 1970 to 2009. 26 countries with missing data 
are removed. If they are random and exogenous, then it does not affect the general results and 
implications (Wooldridge, 2009).  
The most comprehensive sample is 157 non-oil-producing countries. The second sample 
includes 28 OECD countries, which contains more credible data. The third sample includes 23 
emerging markets2 tracked by The Economist. In cross-section analysis, all data are averaged 
over 1970-2009 (Mankiw, 1992). In panel-data analysis, data are averaged for every 5-year 
span to smooth yearly disturbance that may loom large in yearly time spans (Islam, 1995). 
 
 
 
 
                                                             
1
 http://pwt.econ.upenn.edu/php_site/pwt_index.php 
2
 List of 23 Emerging Markets: Brazil, Chile, China, Colombia, Egypt, Hungary, India, Indonesia, Israel, Malaysia, 
Mexico, Morocco, Nigeria, Peru, Philippines, Poland, South Africa, South Korea, Taiwan, Thailand, Turkey, Hong 
Kong, Singapore. Please refer to http://en.wikipedia.org/wiki/Emerging_markets. 
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TABLE I: Summary of Cross-Section Data 
 
Note: y70 is the real GDP per capita in 1970, s is the saving ratio to the real GDP (assumed to be equal to the 
investment ratio), n is the exponential growth rate of total population. op is the measure of openness of the country 
(the ratio of exports plus imports to the real GDP). gov is the degree of government intervention (government 
expenditure divided by the real GDP). 
The summary in Table I shows that all variables have sufficient variance that meets the 
assumption of “sample variation in the explanatory variable”.  
3.2 Cross-Section Analysis 
The unit-root test across the section shows no evidence of stochastic trend in the data, which 
prevents spurious regression. 
TABLE II 
Cross-Section Test for Unconditional and Conditional Convergence, 1970-2009 
Dependent Variable is log difference GDP per capita 1970-2009: ln(y05)-ln(y70) 
 Note: (1) standard errors in parentheses; 
  (2) 
*
 p < 0.05, 
**
 p < 0.01, 
***
 p < 0.001; 
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     (3) H0: β1+β2=0 in the Wald test. F statistics is reported with p-value in parentheses; 
     (4) Implied convergence rate λ=-ln(1-γ)/25. 
The first finding in Table II is that the coefficients of ln(y70) are all negative, which is the sign 
of unconditional convergence; yet, they are insignificant even at 90% confidence level except 
for OECD countries. Thereby, we reject the relation between growth and initial income level 
for non-oil countries and emerging markets, except OECD countries. The result coincides with 
Baumol (1986) and Barro (1991). 
Second, conditional convergence, which is significant at the 0.05 level, is exhibited in Figure I. 
Take the OECD countries for example. The coefficient of ln(y70), γOECD=-0.292, provides the 
partial effect given the ceteris paribus condition. That is, given fixed value of saving ratio and 
population growth for all OECD countries, if the real income per capita of one OECD country 
is 1% higher than another one, then its growth rate over 1970-2009 will be 0.292*0.01=0.292% 
less; and if the income gap is 100%, then the growth rate over 1970-2009 will be 
ln(2)*0.292=20.24% less for the richer country, or 0.81% per year, which is not trivial. 
Figure I: Scatter Plot of ln(y70) versus ln(y05)-ln(y70) 
 
Third, after controlling the effect of saving ratio, population growth, capital accumulation and 
depreciation, we find the convergence speed is λEM>λOECD>λNONOIL. Particularly, λEM=0.023, 
which implies that the economy moves halfway to its steady state (denoted as hlEM) in 
hlEM=-ln(0.5)/ λ=30.6 years, whereas hlOECD=50.2 years and hlNONOIL=77.2 years.  
Fourth, the coefficients of saving and population growth have expected signs. But we reject the 
null hypothesis for β1+β2=0 at the significance level of 5% for all samples through Wald test. 
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That is, β1 and β2 have different magnitudes. Thus, the empirical evidence for the Solow model 
is mixed. Nevertheless, these factors, as useful control variables, greatly improve R2. 
To study whether the convergence rates of OECD and EM are different from non-oil countries, 
we could use the dummy to extract the ceteris paribus effect. The dummies for OECD and EM 
are denoted as odi, emi respectively.  
                                                                        
     (1.191)  (2.086)   (0.054)    (0.224)     (0.088)   (0.398) 
                                                                        
      (0.993)  (1.425)   (0.048)    (0.174)     (0.084)  (0.352) 
The intercept dummies control country-specific factors that implicitly affect the growth rate of 
OECD and EM countries. The partial effect of being an emerging market at average income 
level is 1.77-0.19*          =1.77-0.19*8.16=0.22, namely the growth rate of emerging markets 
over 1970-2009 will be 22% higher, or 0.88% higher per year assuming all other factors are 
equal and fixed. The negative sign of interaction terms shows OECD and EM countries on 
average converge faster compared to other non-oil countries. Yet, the coefficient of dummies 
and interaction terms are insignificant due to possible multicollinearity. On the contrary, 
estimation in different samples in Table II are more precise, which is equivalent to adding 
intercept dummy and slope dummy for every variable.  
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TABLE III 
Cross-Section Test for Conditional Convergence, 1970-2009 
Dependent Variable is log difference GDP per capita 1970-2009: ln(y05)-ln(y70) 
 
Note:  (1) standard errors in parentheses; 
 (2) * p < 0.05, ** p < 0.01, *** p < 0.001; 
 (3) H0: SD(εi) is constant in the Breusch-Pagan heteroscedasticity test. χ
2 statistics is reported with p-value in 
parentheses; 
 (4) Implied convergence rate λ=-ln(1-γ)/25. 
In table III, the convergence after controlling two extra effects is analyzed: openness and 
government intervention. Generally, there is positive effect of openness and negative effect on 
income growth, which reproduces the results in Das (2009). Nevertheless, the effect is only 
significant in the non-oil sample. Although OLS estimation is still BLUE and consistent under 
possible multicollinearity, we need more observations to get more precise estimators.  
The diagnostic test of residuals in Table III shows the variances are not under- estimated since 
we cannot reject the null of heteroscedasticity. Furthermore, there is no nonlinearity since the 
coefficient of any extra nonlinear term, such as       
 , is insignificant.  
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TABLE IV: Chow Structure Stability Test with Cross-Section Data, 1970-2009 
 
Note:  (1) The F-statistic, likelihood ratio and Wald statistic are report with the p-value in parentheses; 
 (2) * p < 0.05, ** p < 0.01, *** p < 0.001; 
 (3) NONOIL sample is used in the Chow tests; 
 (4) The Chow tests for (1)-(5) are based on the regression 
                                               . The Chow tests for (6) is based on the regression           
 1    + 2    +  +  + 3   +      1+  . The Chow tests for (7) is based on the regression 
                                                      ; 
 (5) The structural breakpoint in (3)-(7) is tested for the first 100 countries vs the last 57 countries in the order of the 
particular explanatory variable.  
Last but not least, Chow structural stability tests are summarized in Table IV. Though there is 
no evidence of structure change in OECD or countries with a higher initial income level or 
higher saving ratio, emerging markets and countries with different degrees of openness and 
government intervention differ significantly in the convergence structure. The result for 
countries with higher population growth is mixed. 
3.3 Panel Data Analysis 
Pooled OLS (PA) regression in Table V shows that the implied convergence rate is quite 
similar with the cross-section result. Moreover, the pattern that λEM>λOECD>λNONOIL still holds. 
Thus, the five-year averaging is justified. 
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TABLE V 
Pooled Panel Data (PA) Test for Conditional Convergence, 1970-2009 
Dependent Variable is log difference GDP per capita between 5-year period: Δln(yit) 
 
Note: (1) standard errors in parentheses; 
 (2) * p < 0.05, ** p < 0.01, *** p < 0.001; 
 (3) H0: all coefficients of year dummies are equal to zero in the Wald test. χ
2 statistics is reported with p-value in 
parentheses; 
 (4) Implied convergence rate λ=-ln(1-γ)/5; 
 (5) Country fixed-effect and year fixed-effect are included in the regression, but not reported. 
If we assume {vi} is correlated with other explanatory variables, then the random effect (RE) 
and PA estimators are inconsistent. Hausman tests in Table VI reject the null hypothesis that 
difference in RE and fixed effect (FE) coefficients is not systematic. Hence we should use the 
FE estimator. 
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TABLE VI 
Fixed-Effect Panel Data (FE) Test for Conditional Convergence, 1970-2009 
Dependent Variable is log difference GDP per capita between 5-year period: Δln(yit-5) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: (1) standard errors in parentheses; 
 (2) * p < 0.05, ** p < 0.01, *** p < 0.001; 
 (3) H0: all coefficients of year dummies are equal to zero in the Wald test. F statistics is reported with p-value in 
parentheses; 
 (4) H0: there is no systematic difference between FE and RE estimators in the Hausman test. χ
2 statistics is reported with 
p-value in parentheses; 
 (5) Implied convergence rate λ=-ln(1-γ)/5; 
 (6) Country fixed-effect and year fixed-effect are included in the regression, but not reported. 
Table VI shows a much higher convergence rate, which is around 0.05 among all samples 
regardless of openness and government intervention. Thereby, the economy moves halfway to 
its steady state in around hl=-ln(0.5)/0.05= 13.9 years, which is much shorter than hlOLS.  
Second, the estimations of openness and government intervention are more significant and 
precise. For OECD countries, if we hold initial real income and other factors fixed, then a one 
percentage point increase in the openness ratio will increase the growth over a three-year span 
by 0.192%, or 0.064% per year. Given the high volatility of international trade, this is not a 
trivial magnitude. Yet, the adverse effect of government intervention is even larger; its partial 
effect on growth is 0.641% per annum. It suggests that higher openness and a smaller 
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government facilitate a higher growth rate, which leads to faster convergence to its long-run 
steady state. The results are consistent with cross-section analysis. 
Third, we find a significant effect of lagged log-value of openness on growth in the emerging 
markets 
                                                                          
     (0. 031)      (0.041)     (0.065)       (0.036)    
Owing to economic reform or industrialization, it is possible that EM have to change the 
economic mechanism and infrastructure before they could fully exploit the competitive 
advantage in later periods. 
Under the Gauss-Markov assumptions of linearity, random sampling, full rank, erogeneity of 
the independent variables, both FE and first-differencing (FD) estimators are unbiased and 
consistent (Wooldridge 2002). Let us denote FD residual rit=Δεit, and regress rit=ρrit-1+eit. If 
ρ=0, it implies {εit} follows a random walk and FD is more efficient; if ρ=-0.5, namely {εit} is 
uncorrelated, then FE is more efficient (Wooldridge 2009). Table VII shows all the 
convergence rates implied by FD are much larger than FE estimators. Nevertheless, both FE 
and FD reveal a higher convergence rate than cross-section regression.  
TABLE VII 
Fixed-Differencing Panel Data (FD) Test for Conditional Convergence, 1970-2009 
Dependent Variable is difference of log difference GDP per capita over 5 year: Δ2ln(yit) 
 
Note: (1) standard errors in parentheses; 
 (2) * p < 0.05, ** p < 0.01, *** p < 0.001; 
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 (3) H0: ρ=0 in rit=ρrit-1+eit in the t-test. t statistics is reported with p-value in parentheses; 
 (4) Implied convergence rate λ=-ln(1-γ)/5; 
 (5) Country fixed-effect and year fixed-effect are included in the regression, but not reported. 
In fact, Caselli (1996) proves that both FE and FD estimators are biased and inconsistent due to 
the endogeneity once lagged regressors are introduced (                                   
and                                   ). One solution to the endogeneity is to use 
GMM that requires alternative assumptions of weak exogeneity and the identification of 
instruments--lags of ln(yit) (Cameron, 2009). Another issue is about causality. Only through the 
Granger test in the panel data, can the causality between growth and saving, population, 
openness and government intervention be convincingly justified. 
4. CONCLUSIONS 
The study shows that unconditional convergence only exists in OECD countries, whereas 
conditional convergence to the steady-state occurs in 157 non-oil-producing countries, 28 
OECD countries and 23 emerging markets. Moreover, we find higher growth rate and hence 
faster convergence with higher openness and lower government intervention in both 
cross-section and panel data analysis.  
The convergence speed is the fastest in emerging markets, and slowest in non-oil-producing 
countries according to cross-section analysis. Yet, in panel-data analysis, the convergence 
speed is generally much faster; that is, it only takes decades for the country to move halfway to 
its steady state. The convergence structure differs between emerging markets and the rest of the 
world. Countries with higher openness and greater government intervention also have different 
convergence equations. 
The cross-section is open to the doubt of omitted variable bias and ensuing endogeneity, 
whereas panel-data analysis also faces the issue of endogeneity once the lagged dependent 
variable is introduced. Further work could use the possible solution of GMM in the panel-data 
analysis. 
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